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Wildlife species that rely on early successional habitat are showing long-term 
region-wide declines, including songbirds such as Eastern Towhee (Pipilo 
erythrophthalmus), Field Sparrow (Spizella pusilla), Prairie Warbler (Setophaga 
discolor), Blue-winged Warbler (Vermivora cyanoptera), Golden-winged Warbler 
(Vermivora chrysoptera), and Brown Thrasher (Toxostoma rufum). All six species are 
listed as Species of Greatest Conservation Need on a majority of the New England state’s 
Wildlife Action Plans and in 2011, the Golden-winged Warbler was placed under review 
for federal listing. In areas where vegetation structure is actively maintained in early 
successional stages, such as powerline rights-of-way (ROWs), there is an opportunity to 
provide habitat over long time frames. This study focused on habitat use by six early 
successional bird species in the Champlain Valley in Vermont along powerline ROWs. 
Thirty sites that included potential habitat were established. During the breeding season, 
trained volunteer citizen scientists spot-mapped species distribution patterns along 
transects and focal habitat use by individuals was mapped during timed field observations 
(n=83).  Vegetation species composition and structure were characterized within 1m2 
vegetation plots across each site (n=965). Logistic regression models of study species’ 
abundance patterns and focal habitat use were compared using Akaike’s information 
criterion (AIC). Surrounding landscape composition, vegetation species composition and 
vegetation structure had the greatest influence on study species’ abundance and focal 
habitat use based on best-fit models.  All species occurrence, except Blue-winged 
Warbler and Brown Thrasher, decreased with greater development and fragmentation in 
the surrounding landscape. While the covariates that influenced habitat use patterns by 
the species were similar, the effect size and direction of influence varied. These results 
suggest that a universal management approach for shrubland songbird habitat would not 
support all species. The findings from this study determined species-specific habitat 
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CHAPTER 1: COMPREHENSIVE LITERATURE REVIEW 
 1.1. Background Information 
Over the past 100 years, the northern forest has recovered from heavy cutting and 
extensive agricultural land use.  Consequently, much of this region has seen an increase 
in forested acreage and the age of forest stands (Foster 1992).  This has caused long-term 
region-wide declines for many wildlife species that rely on early successional habitat, 
defined as areas approximately 10-20 years post-disturbance (Schlossberg and King 
2007; NRCS 2012).  As this cover type has declined to roughly 12% of the land area of 
New England, many of these species are facing regional extirpation. However, in areas 
where vegetation structure is maintained in early successional stages, such as pastures, 
airports, clearcuts, and powerline rights-of-way (ROWs), there is an opportunity to 
provide habitat for these species.  Because of the potential for ROWs to provide habitat 
over longer time frames, the current study focuses on this land use type. 
This study focused on six shrubland songbird species in the Champlain Valley in 
Vermont that utilize early successional habitat up to 20 years post-disturbance. These 
species are showing long-term (40-year) population declines reaching 3.3% per year in 
the Great Lakes-St. Lawrence Valley Bird Conservation Region, up to 2.9% per year in 
the Eastern Breeding Bird Survey Region, and up to 7.4% per year in Vermont (Sauer 
2012).  Over a 40-year period, a 3% population decline per year would result in a total 
population decline of 70%.  The six study species, Eastern Towhee (Pipilo 
erythrophthalmus), Field Sparrow (Spizella pusilla), Prairie Warbler (Setophaga 
discolor), Blue-winged Warbler (Vermivora cyanoptera), Golden-winged Warbler 
(Vermivora chrysoptera), and Brown Thrasher (Toxostoma rufum) are all listed as 
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Species of Greatest Conservation Need on at least three of the four New England state’s 
Wildlife Action Plans.  In 2011, the Golden-winged Warbler was placed under review for 
federal listing as endangered or threatened.  
Each of these species requires frequent disturbance to maintain suitable habitat.  
Once habitat reaches approximately 20 years post-disturbance, it is no longer suitable for 
this guild.  Although 12% of the landscape in New England is considered to be early 
successional habitat, 71% of this is in Maine, which is largely outside of the range of 
some high priority species such as Prairie, Blue-winged, and Golden-winged warblers 
(Schlossberg and King 2007).  This makes early successional habitats in Vermont, New 
Hampshire, and Massachusetts more critical for these species. 
In Vermont, the Vermont Electric Company (VELCO) manages vegetation on 
approximately 4,850 ha of ROWs.  Because of the need for access to electric 
transmission lines for maintenance and repairs and to minimize the risk of trees falling on 
transmission lines, these ROWs are managed every one to four years through cutting or 
the application of herbicides, especially for invasive vegetation species.  Preliminary field 
data (LaBarr 2012) show that all six of the study species are present along ROWs in 
west-central Vermont. 
Although shrubland bird species are categorized as a “guild,” species-specific 
habitat preferences vary.  An individualized approach is necessary to meet management 
needs for a variety of shrubland species and a one-size-fits-all approach will not 
necessarily benefit all species (Schlossberg and King 2007).  Because of the ephemeral 
nature of their preferred habitat, site fidelity had been suspected to be lower in shrubland 
birds than birds that utilize other habitat types (e.g., forest). In fact, however, it has been 
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shown that shrubland species exhibit similar site fidelity and dispersal rates to forest 
species (Schlossberg 2009).  This is encouraging for management initiatives because of 
the constraints that current land uses place on providing a landscape mosaic of early 
successional habitats. 
Relatively few researchers have investigated the potential of ROWs to act as 
habitat for shrubland birds.  However, the research that has been conducted suggests that 
ROWs can support shrubland bird populations, including the species of interest for the 
current study (King and Byers 2002; Yahner et al. 2003; Rodewald and Vitz 2005; Kubel 
and Yahner 2008), especially when they occur in wider corridors (>50m) (King et al. 
2009).  Some research has been done on other shrubland bird species examining the 
effects of management regimes on breeding habitat outside of ROWs, such as wildlife 
openings and managed forests (DeGraaf and Yamasaki 2003; Chandler et al. 2009).  
However, the species observed in these studies did not include many of the current study 
species; additionally, the management types (e.g. fire, patch cuts) and time periods (10-20 
years) addressed in these studies do not translate well to current management practices in 
place on ROWs in the Champlain Valley in Vermont.  The current study is an 
opportunity to examine present management strategies on ROWs in Vermont and address 
potential management options that may benefit the declining study species. 
 1.2. Life History 
Although all use early successional habitats, the six study species show variation 
in life history characteristics.  Eastern Towhees, Field Sparrows, and Brown Thrashers 
are short-distance migrants from the southern United States.  Prairie Warblers are 
medium-distance, Neotropical migrants (Caribbean), while Blue-winged and Golden-
 4 
winged warblers are both long-distance, Neotropical migrants (Caribbean and Central 
America; (Poole 2005)).  Clutch sizes range from 2-7 across all of the species with mean 
clutch sizes found to be about 3.6-3.8 for Eastern Towhees, Field Sparrows, Brown 
Thrashers and Field Sparrows (Walkinshaw 1945; Poole 2005), while Blue-winged and 
Golden-winged warblers exhibit mean clutch sizes between 4-5 (Klaus and Buehler 2001; 
Poole 2005).  Typically Eastern Towhees, Blue-winged Warblers, and Golden-winged 
Warblers are single brooded, while Field Sparrows, Prairie Warblers, and Brown 
Thrashers will lay additional broods after fledging.  When a nest fails, all of the study 
species have been shown to renest (Best 1977, 1978; Poole 2005).  On average, all of the 
study species fledge 2-3 offspring per female, although limited research is available 
(Walkinshaw 1945; Greenlaw 1978; Cavitt 1998).  In general, all of these species will 
nest on the ground up to about three meters, though Eastern Towhees and Prairie 
Warblers exhibit much more variation in nesting height than Field Sparrows, Brown 
Thrashers and Golden-winged and Blue-winged warblers (Poole 2005).  Field Sparrows 
specifically exhibit an increase in nest height throughout the breeding season 
(Walkinshaw 1945).  Blue-winged Warblers tend to nest slightly higher than Golden-
Winged Warblers, but they both nest close to or on the ground (Confer and Knapp 1981).   
Limited lifespan data are available for these species.  Most of the available data exist 
as the maximum age observed from long-term banding studies.  Ages up to 12 years, 3 
months have been observed in Eastern Towhees, 7 years, 9 months in Field Sparrows, 12 
years, 10 months in Brown Thrashers, 7 years, 11 months in both Blue-winged and 
Golden-winged warblers, and 10 years, 3 months in Prairie Warblers. (Klimkiewicz et al. 
1983; Klimkiewicz and Futcher 1987).   
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1.3. Habitat Use 
Habitat used by the study species varies by successional stage.  Eastern Towhees 
are considered generalists when compared to the other species and tend to use habitat 
through a longer range of successional stages, though they have been shown to prefer 
mid- to late-secondary succession (Poole 2005). Brown Thrashers occupy highly variable 
habitat depending on the region, but reach the highest densities in mid-successional stage 
forests (Cade 1986).  Field Sparrows tend to use areas at very early stages of succession, 
including 1-2 years post-abandonment, provided there are patches of woody vegetation 
present.  After about 10 years of succession, their numbers begin to decline (Poole 2005).  
Habitat use by Prairie Warblers also varies regionally, but they are associated with areas 
in earlier stages of succession like Field Sparrows, again, if shrubby vegetation is present 
(Nolan 1978).  This implies that both of these species could potentially utilize areas with 
clumped shrub distribution within larger old field landscapes. Blue-winged and Golden-
winged warblers tend to inhabit similar habitat types, however, Blue-winged Warblers 
are relative generalists, while Golden-winged Warblers are considered specialists.  Blue-
winged Warblers have been shown to tolerate greater canopy cover and use areas into a 
much later stage of succession, up to 70 years post-abandonment, than Golden-winged 
Warblers (Confer and Knapp 1981).  Although relative successional stage has been 
examined for all of the study species, little data are available regarding finer scale, 
species-specific vegetation composition and structure, especially in Northeast.  This is 
one of the driving factors for the detailed examination of vegetation composition and 
structure in the current study. 
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 Researchers have established that Eastern Towhees are considered shrubland 
generalists that prefer larger habitat patches (Stauffer and Best 1980; McIntyre 1995; 
Askins et al. 2007) and greater vegetation height (Askins et al. 2007; Schlossberg et al. 
2010), but have not been associated with any specific vegetation species composition 
(Schlossberg et al. 2010).  Eastern Towhees have additionally been classified as edge-
associated generalists that occupy habitat characterized by dense shrub and sapling cover 
with a well-developed litter layer (Morimoto and Wasserman 1991). It has been well 
documented that ROWs can provide suitable habitat for Eastern Towhees, depending on 
ROW width and management (Yahner et al. 2003; King et al. 2009; Askins et al. 2012).   
Studies have shown that a matrix of old field or forbs with patchy woody 
vegetation serve as suitable habitat for Field Sparrows (Walkinshaw 1945; Walkinshaw 
1968; Best 1977; Stauffer and Best 1980; Vickery et al. 1994). Schlossberg et al. (2010) 
found that Field Sparrows showed a negative association with vegetation height as well 
as high shrub cover and a positive association with forb cover, which indicates that they 
prefer lower vegetation and greater forb cover.  However, again, Field Sparrow 
vegetation species composition was not assessed in this study and still requires further 
examination.  Studies that have specifically examined Field Sparrow habitat along ROWs 
have shown that wider ROWs and greater grass and herbaceous cover are good indicators 
of abundance (King et al. 2009; Askins et al. 2012) and that management treatment did 
not influence habitat use (Yahner et al. 2003).   
Prairie Warblers have been considered shrubland specialists in some studies, in 
contrast to Eastern Towhees and Field Sparrows (Askins et al. 2007).  In Massachusetts 
Pine Barren habitat, Prairie Warblers exhibited avoidance of areas with greater canopy 
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cover and vegetation height, and were positively associated with low basal area pitch pine 
(Pinus rigida) and oak (Quercus spp.; (Morimoto and Wasserman 1991).  A study by 
Schlossberg et al. (2010) found that Prairie Warblers showed a positive association with 
low shrub cover, but not with high shrub-forb cover, indicating that they tend to select for 
areas with decreased woody vegetation.  This study also found a positive association with 
cherry species (Prunus spp.), similar to Morimoto and Wasserman (1991), indicating that 
Prairie Warblers use areas with some tree presence.  Prairie Warblers, like Field 
Sparrows, have been associated with wider ROWs and greater grass and herbaceous 
cover (King et al. 2009) and use habitat with patches of shrub distributed over an earlier 
successional landscape such as grassland (Nolan 1978).  This indicates that both Prairie 
Warblers and Field Sparrows could use habitat over longer time periods, as long as 
patches of shrub are maintained. 
Golden-winged and Blue-winged warbler habitat use also varies considerably by 
region.  In North Carolina, Golden-winged Warblers were more likely to use clearcuts 
with lower basal area that had unimproved logging roads with higher mean tree heights 
than unoccupied stands.  However, nest sites were located in areas with decreased sapling 
density and canopy cover and increased canopy cover variability (Klaus and Buehler 
2001).  Alder (Alnus spp.) wetlands and aspen (Populus spp.) clearcuts were more likely 
to be used than other habitats in the upper Midwest, but aspen had no significant effect on 
the probability of use, which suggests that the structure created by clear cutting was more 
important than aspen presence (Swarthout et al. 2009).  Patton et al. (2010) found that 
Golden-winged Warblers used areas at higher elevations with greater grass and canopy 
cover than Blue-winged Warblers in Kentucky.  Research that has focused on habitat use 
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by Golden-winged and Blue-winged warblers in the Northeast is limited, especially in 
Vermont.  Of the current literature in this region, studies have found that Golden-winged 
Warblers, and only rarely Blue-winged Warblers, use red maple (Acer rubrum) swamp 
forests with an herbaceous layer and a dry, forested edge, or swamp areas containing 
patches of shrubs (Rush and Post 2008; Confer et al. 2010).  Another study found that 
herb and shrub cover was not statistically different between the two species, but tree 
cover was significantly greater in Blue-winged Warbler territories. However, the range of 
tree cover was much more variable for Blue-winged Warblers and they may use areas 
into much later stages of succession (Confer and Knapp 1977). 
Brown Thrasher habitat use varies greatly by region.  They have been positively 
associated with shrub cover, especially for nesting, but also have been observed in a 
variety of cover types and may be tolerant of habitat alteration (Stauffer and Best 1980).  
According to habitat suitability models, Brown Thrashers reach their greatest densities in 
shrubland or mid-successional forest (Cade 1986).  In southern New York, Brown 
Thrashers are found along coastal plains with scrubby fields, but in western New York 
they prefer shrubland hillsides with hawthorn (Crataegus spp.) present (Bull 1985).  
Studies that have examined Brown Thrasher habitat use along ROWs have encountered 
very low sample sizes where habitat associations could not be examined (King et al. 
2009; Askins et al. 2012). 
Territory sizes of the study species are highly variable depending on the amount 
and quality of the habitat, but on average, the literature indicates territories less than two 
hectares in size for all of the study species (Ficken and Ficken 1968; Gill and Murray 
1972; Nolan 1978; Morimoto and Wasserman 1991).  Some variability in territory sizes 
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may be explained by population density and perhaps habitat quality (Nolan 1978; 
Morimoto and Wasserman 1991).  Eastern Towhees exhibited territory sizes of 1.6 ha ± 
0.50 SD (range 0.64–2.44, n = 24) in mesic oak forests where density was 0.53 
birds/hectare (Greenlaw 1978),  whereas in a high-density (2.0 birds/ha) pine barren 
habitat, territory size was only 0.26 ha ± 0.06 SD (n = 277) (Morimoto and Wasserman 
1991).  Field Sparrows have exhibited mean territory sizes of 0.76 hectares (range 0.31-
1.62 ha) in Illinois, where territories that included grassland were significantly larger than 
those without grassland (Best 1977).  This speaks to the patchy shrub distribution often 
observed in habitat used by Field Sparrows.   Territory sizes have been shown to vary 
based on successional stage for Prairie Warblers.  In an extensive study, mean territory 
size was 1.62 hectares (range 0.5-3.2 ha) at sites in earlier successional stages while in 
later successional stages, a smaller mean territory size of 1.47 hectares (range 0.4-2.4 ha) 
was observed (Nolan 1978).  For Brown Thrashers in Illinois during a 3-year study, 
territory sizes varied between 0.65 and 1.13 hectares (Graber et al. 1970).  Territory 
mapping studies also report variation in territory densities. For example, in a residential 
area in Maryland, density was 0.37 males/ha, while in farmland and second-growth 
habitat in New Jersey, density was 0.30 males/ha (Williamson 1972), and in mixed forest 
edge areas in Michigan, density was 0.12 males/ha (Kendeigh 1948). A study in aspen 
clearcuts documented Golden-winged Warbler mean territory size as 0.82 ha ± 0.12 
(n=12) in seedling stands and 0.54 ha ± 0.17 (n=6) in pole-sized stands (Roth and Lutz 
2004). Other studies report larger territory sizes including a mean area of 1.0 ha (range 
0.41– 3.25 ha, n=32) in a forest-field ecotone in Michigan (Will 1986), a range of 1.4 to 
5.2 ha (n=9) in tamarack swamp sites in Michigan (Murray and Gill 1976), and a mean 
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territory size of 1.3 ha on hilltop removal sites where only Golden-winged Warblers were 
observed and 1.7 ha at sites sympatric with Blue-winged Warblers (range = 0.2– 5.8 ha, 
n=26;(Patton et al. 2010)). Territory sizes of Blue-Winged Warblers have been reported 
as 2.1 ha (range=0.7-6.7 ha, n=22) at hilltop removal sites in Kentucky (Patton et al. 
2010), 1.1 ha (range 0.3–5.0 ha, n = 34) in northeastern Ohio with larger territory sizes in 
years of lower density (Canterbury 1995).  Sympatric Blue-winged and Golden-winged 
warblers may occupy overlapping territories, but interactions are infrequent (Ficken and 
Ficken 1968; Gill and Murray 1972; Murray and Gill 1976; Confer and Knapp 1977; Will 
1986; Confer and Larkin 1998).  The variability in territory sizes between study species is 
dependent on the specific habitat type and quality. Most of the study species tolerate 
some conspecific overlap or intrusion of territories, with certain species such as Field 
Sparrows and Prairie Warblers being less defensive than others, but most of these species 
do not generally tolerate intraspecific overlap or intrusions (Poole 2005). 
Current knowledge of the study species’ habitat selection and use in New England 
is sparse, and in Vermont, is extremely limited. Additionally, powerline ROWs, which 
can provide perpetual early successional habitat, have not been examined as potential 
habitat for some of the higher priority and regionally rare species, including Blue-winged 
and Golden-winged warblers. Where habitat use has been examined on ROWs for these 
species, limited information is available about surrounding landscape influence, as well 
as vegetation species composition and structure within ROWs. The current study 
intended to investigate fine scale vegetation characteristics influencing study species 
abundance and habitat use, in combination with landscape level factors to better inform 
management actions on ROWs. 
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Wildlife species that rely on early successional habitat are showing long-term 
region-wide declines, including songbirds such as Eastern Towhee (Pipilo 
erythrophthalmus), Field Sparrow (Spizella pusilla), Blue-winged Warbler (Vermivora 
cyanoptera), Golden-winged Warbler (Vermivora chrysoptera), Prairie Warbler 
(Setophaga discolor), and Brown Thrasher (Toxostoma rufum). All six species are listed 
as Species of Greatest Conservation Need on a majority of the New England state’s 
Wildlife Action Plans and in 2011, the Golden-winged Warbler was placed under review 
for federal listing. In areas where vegetation structure is actively maintained in early 
successional stages, such as powerline rights-of-way (ROWs), there is an opportunity to 
provide habitat over long time frames. This study focused on habitat use by six early 
successional bird species in the Champlain Valley in Vermont along powerline ROWs. 
Thirty sites that included potential habitat were established. During the breeding season, 
trained citizen scientist volunteers spot-mapped species distribution patterns along 
transects. Focal habitat use by individuals was mapped during timed field observations 
(n=83).  Vegetation species composition and structure was evaluated within 1m2 
vegetation plots across each site (n=965). Logistic regression models of study species’ 
abundance patterns and focal habitat use were compared using Akaike’s information 
criterion (AIC). Surrounding landscape composition, vegetation species composition and 
vegetation structure had the greatest influence on species abundance and focal habitat use 
based on best-fit models.  All species occurrence, except Blue-winged Warbler and 
Brown Thrasher, decreased with greater development and fragmentation in the 
surrounding landscape. While the covariates that influenced habitat use patterns by the 
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species were similar, the effect size and direction of influence varied. These results 
suggest that a universal management approach for shrubland songbird habitat would not 
support a broad range of species. The findings from this study determined species-
specific habitat preferences that can improve management practices to benefit these 
declining species. 
Keywords: early successional, habitat use, shrubland songbirds, powerline rights-of-way 
 
2.1. INTRODUCTION 
Over the past 100 years, the northeastern forest of the United States has recovered 
from heavy cutting and extensive agricultural land use.  Consequently, much of this 
region has seen an increase in forested acreage and the age of forest stands (Foster 1992).  
This has caused long-term region-wide declines for many wildlife species that rely on 
early successional habitat, which is considered to include areas approximately 10-20 
years post-disturbance (Schlossberg and King 2007; NRCS 2012).  As this cover type has 
declined to roughly 12% of the land area of New England, many of these species are 
facing regional extirpation. However, in areas where vegetation is maintained in early 
successional stages, such as pastures, airports, clearcuts, and powerline rights-of-way 
(ROWs), there is an opportunity to provide habitat for these species.  Because of the 
potential for powerline ROWs to provide habitat over longer time frames, the current 
study focuses on this land use type. Electric transmission lines run through corridors that 
utility companies must access for construction, maintenance, and repairs, however, these 
corridors often cross private property boundaries, so utility companies have permission, 
or a “right-of-way” for access. Due to the shape and extent of these ROW corridors, they 
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have the potential to provide breeding habitat as well as facilitate movement across the 
landscape for early successional songbird species. 
This research focused on six shrubland songbird species in the Champlain Valley 
in Vermont that utilize exclusively early successional habitat, up to about 20 years post-
disturbance. These species are showing long-term (40-year) population declines reaching 
3.3% per year in the Great Lakes-St. Lawrence Valley Bird Conservation Region, up to 
2.9% per year in the Eastern Breeding Bird Survey Region, and up to 7.4% per year in 
Vermont (Sauer 2012).  Over a 40-year period, a 3% population decline per year would 
result in a total population decline of 70%, making these species a conservation priority.  
The six study species, Eastern Towhee (Pipilo erythrophthalmus), Field Sparrow 
(Spizella pusilla), Golden-winged Warbler (Vermivora chrysoptera), Blue-winged 
Warbler (Vermivora cyanoptera), Prairie Warbler (Setophaga discolor), and Brown 
Thrasher (Toxostoma rufum) are all listed as Species of Greatest Conservation Need on at 
least three of the four New England state’s Wildlife Action Plans.  One species, the 
Golden-winged Warbler, was placed under review in 2011 for federal listing as 
endangered or threatened. Each of these species require frequent disturbance to maintain 
suitable habitat.  However, many of the natural disturbances that would have created 
early successional habitat including fire, flooding, or beaver activity, have been 
suppressed or altered by anthropogenic influence and climate change (Foster 1992; 
DeGraaf and Yamasaki 2003; Lorimer and White 2003). Once habitat reaches 
approximately 20 years post-disturbance, it is no longer suitable for this guild.  Although 
12% of the land area of the New England states is considered to be in an early 
successional state, 71% of this land is in Maine, which is largely outside of the range of 
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some high priority species such as Prairie, Blue-winged, and Golden-winged warblers 
(Schlossberg and King 2007).  This makes early successional habitats in Vermont, New 
Hampshire, and Massachusetts more critical for these species. 
In Vermont, the Vermont Electric Company (VELCO) manages vegetation on 
approximately 4,850 ha of ROWs across private lands.  Because of the need for access to 
power lines for maintenance and repairs and to minimize the risk of trees falling on these 
lines, ROWs are managed every one to four years through cutting, mowing, or the 
application of herbicides, especially for invasive vegetation species.  Preliminary field 
data (LaBarr 2012) showed that all six of the study species are present along ROWs in 
west-central Vermont. 
2.1.1. Project Goals 
The goal of this research was to identify habitat use patterns of these six obligate 
shrubland songbird species along powerline ROWs to assess the effects of vegetation 
type, composition, and structure, as well as surrounding landcover composition on 
species distributions. Habitat is defined as the environmental components needed for a 
species to survive and reproduce. Habitat use refers to how an individual or species 
interacts with their habitat to achieve life history requirements (Jones 2001). For the 
purposes of this research, species abundance represented a metric of “use” and vegetation 
and landscape factors were emphasized as critical habitat components. Habitat selection 
was also investigated by comparing vegetation in areas where each species was present 
relative to vegetation samples across the study area. Here, habitat selection was defined 
as differences in vegetative composition and structure in areas used by the study species 
relative to that of the ROW as a whole. A priori directional hypotheses for habitat 
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relationships were established for the study species based on current knowledge of habitat 
use in the literature and personal field observations (Table 1). Habitat requirements were 
expected to vary among species based on differences in their life histories, such as 
foraging and nesting habits. Quantifying how these species utilize habitat in the 
Champlain Valley in Vermont can inform conservation initiatives to provide the 
maximum potential habitat for these declining species in the area. These data expand 
current knowledge of habitat use by the species of interest regionally. The objectives of 
this study were to develop a better understanding of the surrounding landscape, 
vegetation composition, and vegetation structure that influence the study species’ 
distribution and habitat use on ROWs and to determine species-specific management 
applications for shrubland on ROWs. Specifically, this research aimed to model the 
relationships between landscape composition, in addition to vegetation composition and 
structure that drive the study species’ abundance and habitat use along ROW sites. The 
first modeling objective included an analysis of species abundance within 200m 
subsamples along ROW transects based on landscape and vegetation characteristics. The 
second modeling objective examined the differences between used vs. available habitat 
by species, across sites.  
2.2. METHODS 
2.2.1. Site Selection 
Thirty transects (240-6,400 m length) were established along powerline ROWs 
managed by VELCO in the Champlain Valley in Vermont.  Sites ranged from West 
Rutland, Vermont northward through Colchester, Vermont, along ROWs.  Sites were 
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chosen by biologists at the Audubon Vermont chapter of the National Audubon Society 
using recent orthophotos and helicopter reconnaissance to identify early successional 
habitat. Private landowner permission was obtained to conduct surveys at all sites. 
 
Figure 1. Locations of survey sites across the Champlain Valley in Vermont, USA in red. 
The enlarged box shows an example of the output from spot-mapping surveys completed 
by citizen science volunteers. 
2.2.2. Bird Abundance 
At each site during the 2013 breeding season, trained citizen science volunteers or 
Audubon biologists sampled the six study species using a spot-mapping technique 
(Williamson 1972) between mid-May and early July. Individual bird locations were 
recorded by surveyors on site maps provided by Audubon Vermont or using a handheld 
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GPS unit.  Golden-winged Warbler song playbacks were conducted at approximately 
300m intervals along sites to increase detection of this regionally rare species. All survey 
maps were collected by Audubon scientists after the breeding season and bird locations 
were transposed to GIS point locations using ArcMap 10.1. 
2.2.3. Focal Habitat Use 
Focal habitat use mapping was completed to delineate space use of Eastern 
Towhee, Field Sparrow, Blue-winged Warbler, and Golden-winged Warbler habitat. Low 
abundances of Prairie Warblers and Brown Thrashers prevented sufficient sample sizes 
for habitat use to be evaluated for these two species. To map habitat use, two or more 
persons observed and followed an individual bird for one hour. Each location at which 
the observed bird stopped throughout the hour was marked using a handheld Garmin 
eTrex GPS unit.  Each bird was tracked on only one occasion at each site. General 
behavioral observations were recorded for each observation point such as singing, 
foraging, courtship, etc. to ensure that a range of behaviors was observed within the 
mapped habitat area. The observers also recorded whether individuals appeared to be 
mated, and when possible, the stage of nesting for paired individuals. All focal habitat 
use mapping was completed before July 1, 2013. Fledglings were only observed during 
the last week of habitat use mapping. GPS point observations from focal habitat use 
mapping were uploaded to ArcMap 10.1.  A minimum convex polygon was generated for 
each bird to determine the spatial extent for vegetation sampling. To assess the most 
efficient sampling time period for habitat use mapping, 10 trial mapping days were 
completed prior to the start of the field season. One hour was chosen because longer time 
frame trials did not significantly increase the spatial extent of used areas, and thus this 
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time frame adequately represented a consistent proportion of the territory, but minimized 
required observer time (Odum and Kuenzler 1955). 
2.2.4. Habitat Composition and Structure Sampling 
Habitat use by the focal species was quantified by measuring vegetation structure 
and composition within each transect, and landcover composition of the surrounding area 
(see below). To quantify habitat within each transect, two sampling methods were used. 
To sample the areas used by the study species, five random points were generated in 
ArcMap 10.1, within each focal habitat use area. To represent the overall habitat at each 
site, two vegetation sampling points were completed every 100m along the length of each 
site: one point in the approximate center of the ROW and another located 5m from 
alternating edges of the ROW. 
At each sampling location, a 1m2 square PVC quadrat was used to delineate the 
sampled area (Fig. 2). One edge of the quadrat was always oriented along the northwest-
southwest axis. Within each plot, the percent cover of the 10 most dominant plant species 
was recorded according to the six classes of the Daubenmire design ((1959) to include up 
to 15/16 (~94%) of the plot.  It was assumed that 94% of the total vegetation present 
provided an accurate representation of species composition. Vertical structure was 
evaluated by placing a 3m length pole, with graduated height delineations, vertically in 
the center of each of the four quarters of the quadrat and recording the number of times 
each plant species touched the pole in 1m increments (Morimoto and Wasserman 1991).  
This allowed the total stem density/m3 to be calculated within each plot, by plant species. 
Maximum height in each quarter of the plot was also recorded. 
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Figure 2. Vegetation plot quadrat design. Q1-Q4 designates the four quarters where 
vertical structure (stem density/m3) and maximum height variables were assessed. 
Arc GIS 10.1 was used to characterize adjacent landcover types around each 
ROW site.  Landcover polygons were digitized and categorized using high resolution 
(0.5-1.0m) orthophotos from 2011-2013 available through the Vermont Center for 
Geographic Information (VCGI). These landscape data were ground-truthed at each site, 
especially focused on identifying shrubland landcover in the surrounding area because of 
this land type’s transitional nature and the difficulty in identifying through aerial imagery. 
A buffer distance equivalent to the diameter of the largest average territory size of the 
study species (Eastern Towhee: ~211m) was created around each vegetation sampling 
point.  The percentage of the buffer in agriculture, forest, shrubland, urban/developed, 
and wet (including water bodies and wetlands) landcover categories was calculated 
around each vegetation sampling plot. 
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2.2.5. Analysis 
Surrounding landcover data and vegetation composition and structure data were 
analyzed in an information-theoretic framework (Burnham and Anderson 2002) using 
Akaike’s information criterion (AIC) model selection to assess additive and interactive 
models for goodness-of-fit for bird species abundance and focal habitat use. Using 2013 
volunteer-collected spot-mapping data, species abundance was examined in combination 
with surrounding landcover data and systematic 1m2 vegetation sampling point data. 
Each site was split into 200m subsamples along its length with a 20m buffer at each end 
of the site to minimize the influence of roads.  This 20m buffer segment and any 
segments <200m were excluded from the analysis. A nested design was created for the 
analysis to account for subsampling within sites. This subsampling design was also used 
to account for the possibility of clumped species distributions along sites. Due to the 
relative rarity of the study species and early successional habitat in the region, as well as 
the possibility of conspecific attraction (Ward and Schlossberg 2004), subsampling 
should allow for the detection of species-specific differences in habitat suitability within 
ROWs. The abundance of the six study species within each 200m segment was calculated. 
Detection probability was assumed to be approximately 1.0, given that surveyors spent 
over 5.5 hours per mile of transect, on average, to complete spot-mapping of the study 
species at each site. Blue-winged Warbler (n=16), Golden-winged Warbler (n=8), Prairie 
Warbler (n=22), and Brown Thrasher (n=5), were relatively uncommon across the study 
area and where present, there was often only one individual.  
Candidate models were created for each of the study species to evaluate 
surrounding landcover and the systematic 1m2 vegetation sampling point data across all 
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sites using abundance (as determined through spot-mapping) as the response variable. 
Variables used as predictors of abundance were based on vegetation sampling points 
within each 200m subsample (n=4) and surrounding landcover percentages. The 
abundance data were modeled using logistic regression based on a Poisson distribution.  
Where focal habitat use mapping was completed for Eastern Towhee, Field 
Sparrow Golden-winged Warbler, and Blue-winged Warbler, surrounding landcover and 
1m2 vegetation sampling point data both within and outside of focal habitat use polygons, 
across sites, were used to evaluate the composition and structure of used and available 
habitat. The analysis for the focal habitat use dataset was designed using binomial inputs 
where used habitat by each species was assigned a 1 (vegetation sampling points within 
focal habitat use areas) and available habitat was assigned a 0 (systematic vegetation 
sampling points every 100m along sites). Habitat use vs. availability was modeled using 
logistic regression based on a binomial distribution. 
The vegetation variables considered for all candidate model sets included average, 
standard deviation and maximum height, as calculated from the four height 
measurements in each vegetation plot; stem density/m3 for all plant species as calculated 
by the number of pole hits at the 1m3 (low), 2m3 (mid), and 3m3 (high) heights; woody 
stem density at 1m3 (low), 2m3 (mid), 3m3 (high), as calculated from the number of pole 
hits of only tree and shrub species at each height within vegetation plots; 
presence/absence of tree, shrub, herbaceous, dogwood spp. (Cornus spp.) and invasive 
shrub species (including honeysuckle spp. [Lonicera spp.], buckthorn spp. [Rhamnus 
spp.], multiflora rose [Rosa multiflora], Japanese barberry [Berberis thunbergii]); and the 
proportion of surrounding landcover in agriculture, forest, shrubland, urban/developed, 
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and wet landcover categories as calculated from digitized landcover polygons within each 
vegetation sampling point buffer.  The wet landcover category included bodies of water 
such as ponds and streams, as well as wetlands. All variables were evaluated at the 1m2 
vegetation sampling point scale to standardize beta values across variables for 
comparison.  
Statistical analyses were conducted using R statistical software and the 
AICcmodavg and visreg packages (R Core Team 2013; Burchett 2014; Mazerolle 2014).  
A correlation matrix was created among all continuous variables to determine their 
covariation based on Pearson’s correlation coefficient, those with coefficients >0.5 were 
not included within the same candidate model. Any categorical variables that were not 
independent of one another were also not included within the same candidate model.  To 
reduce the number of predictor variables, univariate, generalized linear models were run 
for each study species for the abundance dataset as well as the focal habitat use dataset, 
and variables that had substantial explanatory power (p<0.1; (Anderson and Burnham 
2002)) were used to build multivariate logistic regression models (Hosmer et al. 2000).  
Candidate models were ranked based on AICc values to determine best-fit for each 
dataset, by study species (Burnham and Anderson 2002). 
2.2.6. Model Candidates 
Variables that were significant based on univariate model outcomes were ranked 
according to their beta values for each dataset, while taking the standard error into 
consideration.  A set of candidate models was built for each study species by considering 
variables deemed to be important in the univariate analysis, up to 4 or 5 variables total 
depending on sample size. Separate candidate model sets for each bird species were run 
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for the abundance dataset from spot-mapping surveys for the 200m subsamples. 
Additional candidate model sets were run for the study species from focal habitat use data 
comparing used habitat within focal use areas (study species observed) to available 
habitat (study species not observed) across sites. Species’ candidate model sets included 
initial univariate models and all additive and interactive combinations of those variables. 
The global model for each model set was tested for goodness-of-fit (p>0.05) using 
Pearson’s X2. Models were ranked based on their AICc values to determine goodness-of-
fit with the least model complexity (Tables 2, 3). Candidate models were evaluated for 
overdispersion using the quasi-likelihood function (Wedderburn 1974) and dispersion 
values for all models was found to be <1.3, so overdispersion was not an issue.  
2.3. RESULTS 
 Thirty sites were surveyed in 2013 and a total of 219 individuals of the six study 
species were recorded during volunteer spot-mapping surveys: 90 Eastern Towhees, 78 
Field Sparrows, 16 Blue-winged Warblers, 8 Golden-winged Warblers, 22 Prairie 
Warblers, and 5 Brown Thrashers (Appendix B). When sites were surveyed separately to 
quantify habitat use, focal habitat use was mapped for 83 individuals: 33 Eastern 
Towhees, 29 Field Sparrows, 9 Blue-winged Warblers, and 12 Golden-winged Warblers. 
Systematic vegetation sample points every 100m were completed at 550 locations to 
characterize each of the ROW transects and 415 vegetation sample points were 
completed inside focal habitat use areas (5 samples per bird). 
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2.3.1. Eastern Towhee Models 
 The Eastern Towhee abundance model with the greatest support showed an 
interaction between a positive association with forest and a negative association with both 
agriculture and urban landcover in the surrounding area (Wt=0.52; Table 2). The 
competing abundance model with nearly as much support was similar, but also included a 
negative association with dogwood spp. presence (ΔAICc=0.20, Wt=0.47; Table 2). 
Eastern Towhee focal habitat use yielded a single model having substantially greater 
support than the other candidates. This model included an interaction between the 
percentage of forest (positive) and urban/developed land (negative) in the surrounding 
landscape and dogwood presence (negative; Figs. 3,4), in addition to decreased stem 





Figure 3. The interaction between dogwood presence, urban landcover, and forested 
landcover on Eastern Towhee focal habitat use, including the linear and logit transformed 
binomial data. A) urban=0%,dogwood presence=0, B) urban=23.18%, dogwood 
presence=0, C) urban=0%,dogwood presence=1, D) urban=23.18%, dogwood 
presence=1. Confidence intervals are shown in gray, blue tick marks indicate presence or 





Figure 4. The effect of forested landcover influencing probability of Eastern Towhee 
focal habitat use at three different stem density levels at the low height range. A) stem 
density=18/m3, B) stem density=38/m3, C) stem density=61/m3. Confidence intervals in 
gray, blue tick marks indicate presence or absence of the species (N=965). 
2.3.2. Field Sparrow Models 
 The Field Sparrow abundance model with the greatest support showed an 
interaction between wet landcover (positive), herbaceous vegetation presence (positive), 
urban landcover (negative), and stem density at the mid-height range (negative). The 
second best-fit abundance model (ΔAICc=3.26, Wt=0.10) had much less support (Table 
2). Probability of Field Sparrow focal habitat use was best predicted by greater invasive 
shrub species presence and decreased urban landcover, decreased stem density at the 
mid-height range, and decreased woody stem density at the high height range (Fig. 5). 
The next best model (ΔAICc=1.28, Wt=0.26) was similar, but indicated an interaction 
between invasive shrub presence (positive) and woody stem density at the high height 
range (negative), in addition to decreased urban landcover and decreased stem density at 
the mid-height range (Table 3). 
A B C 
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Figure 5. The effect of A) invasive shrub presence, B) woody stem density at the high 
height range, C) surrounding urban landcover percentage, and D) stem density at the mid-
height range on the probability of Field Sparrow focal habitat use. Confidence intervals 
indicated in gray (N=965). 
2.3.3. Blue-Winged Warbler Models 
 Blue-winged Warblers were rare across the study area. The model with the 
greatest support for Blue-winged Warbler abundance showed an interaction between 




increased stem density at the low height range. The second best model garnered 
substantially less support (ΔAICc>5.0, Wt=0.06;Table 2). Probability of focal habitat use 
by Blue-winged Warblers was best predicted by decreased stem density at the mid-height 
range and increased stem density at the high height range, in addition to a positive 
association with dogwood presence and urban surrounding landcover (Fig. 6). The focal 
habitat use model with the second-most support (ΔAICc=1.18, Wt=0.14) suggested a 
negative association with stem density at the mid-height range and an interaction between 




Figure 6. The influence of A) stem density at the mid-height range, B) stem density at 
the high height range, C) dogwood presence and D) surrounding urban landcover 
percentage on probability of Blue-winged Warbler focal habitat use for the best-fit model. 
Confidence intervals in gray (N=965). 
2.3.4. Golden-winged Warbler Models 
Golden-winged Warblers were also rare across the study area. The model that best 
predicted Golden-winged Warbler abundance indicated an interaction between wet 
(positive) and shrub (positive) landcover percentage. The competing model (ΔAICc=0.20, 




but their interaction was not included in the model (Table 2). The best-fit model for focal 
habitat use by Golden-winged Warblers showed a positive relationship with dogwood 
presence in addition to an interaction between increased shrub landcover and decreased 
urban landcover in the surrounding area (Fig. 7). The model with the second most support 
(ΔAICc=3.56, Wt=0.12) did not fit the data as well (Table 3). 
 
Figure 7. The influence of the interaction between urban landcover, shrub landcover, and 
dogwood spp. presence on the probability of Golden-winged Warbler focal habitat use, 
including the linear and logit transformed binomial data. A) urban=0%, dogwood 
presence=0, B) urban =23.18%, dogwood presence=0, C) urban=0%, dogwood 
presence=1, D) urban=23.18%, dogwood presence=1. Confidence intervals in gray, blue 




2.3.5. Prairie Warbler Models 
 The model with the greatest support for Prairie Warbler abundance included 
positive relationships with invasive shrub, tree, and herbaceous vegetation presence and a 
negative association with urban surrounding landcover (Fig. 8). The next best model 
(ΔAICc=5.19, Wt=0.07) had limited support (Table 2). 
 
Figure 8. The main effects of A) invasive shrub presence, B) tree presence, C) 
herbaceous vegetation presence, and D) urban landcover percentage on probability of 





2.3.6. Brown Thrasher Models 
Only five Brown Thrashers were recorded along ROW transects. The model with 
the greatest support for Brown Thrasher abundance showed a positive relationship with 
forested landcover and stem density at the low height range (Fig. 9). The competing 
model (ΔAICc=0.54, Wt=0.24) was similar, but indicated a positive association with 
herbaceous vegetation in addition to positive relationships with forested landcover and 
stem density at the low height range (Table 2). 
 
Figure 9. The main effects of A) forested landcover percentage and B) stem density at 
the low height range on probability of Brown Thrasher abundance based on the best-fit 
model. Gray indicates confidence intervals (N=435). 
2.4. DISCUSSION 
 All study sites consisted of areas along ROWs that were pre-determined to 
include early successional habitat. This approach ensured that only potential habitat for 
the study species was surveyed and therefore, species-specific differences should be 
highlighted. Although shrubland bird species are often categorized as a guild, a one-size-
fits-all management approach will rarely benefit all shrubland species (Schlossberg and 
A B 
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King 2007), as has been confirmed by the results of the current study for the species of 
interest.  Based on the model results, species-specific management methods would 
provide greater benefits to the study species. 
 In the best-fit models for both species abundance and focal habitat use, landscape 
level variables played a major role. The greatest similarity across the study species in this 
respect was a negative relationship with urban or developed land in the surrounding area, 
except for Blue-winged Warblers, which showed a positive association with urban 
landcover (Tables 2,3). This nearly universal negative relationship with development in 
the surrounding landscape could indicate that the study species are sensitive to 
fragmentation and less likely to utilize early successional habitat patches surrounded by 
urban landcover. Another landscape level correlation among species indicated that Field 
Sparrow, Blue-winged and Golden-winged warbler abundances were positively 
associated with wet landcover in the surrounding area (Table 2). Based on current annual 
population declines, Field Sparrows and Golden-winged Warblers are showing the 
steepest rates of decline for the study species, at 2.38% and 2.49% per year, respectively, 
making their conservation a high priority (North American Bird Conservation Initiative 
2014). Access to wet landcover, which included bodies of water as well as wetlands, may 
be an important factor for some of the study species’ habitat needs. 
 In addition to landscape level influences, the results indicated common patterns 
among species with regard to vegetation composition and structure. Model parameters 
related to the vertical structure of vegetation (stem density/m3) proved to be important 
throughout species abundance and focal habitat use models (Tables 2, 3). The differences 
among species in relationships with vertical structure may indicate variation in foraging 
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or nesting strategies. Golden-winged Warblers were the only species that did not show 
any significant associations with vegetation structure. However, probability of habitat use 
by Golden-winged Warblers was positively influenced by specific vegetation 
composition, which could be related to unmeasured structural attributes.  
Relationships with vegetation composition parameters (dogwood presence, 
invasive shrub presence, tree presence, herbaceous vegetation presence) varied in 
significance, direction (positive/negative), and effect size among study species. Some 
interesting trends suggest that invasive shrub species may play a more positive role than 
expected and, in addition, dogwood presence proved to be particularly important for 
Blue-winged and Golden-winged warblers (Table 3). Relative to the a priori predictions 
about habitat use patterns, positive relationships with invasive shrub species were 
unexpected (Table1) because invasive species presence was assumed to have a negative 
association with habitat use. Invasive species have exhibited reduced herbivory compared 
to native species, potentially reducing protein-rich, insect food sources, essential during 
the breeding season (Schierenbeck et al. 1994). Additionally, research has shown that 
invasive shrub nest sites experienced greater predation rates than native species (Schmidt 
and Whelan 1999; Rodewald and Vitz 2005). However, Schlossberg and King (2010) did 
not find significant differences in nest success for shrubland bird species between 
invasive and native shrub species. This suggests that invasive shrubs may not negatively 
impact shrubland birds, as previously assumed. In the current study, because one 
management objective was to control invasive species along ROWs, many of the invasive 
shrubs observed were standing dead or dying in comparison to native species. This could 
further indicate the importance of structure for nesting substrates or singing perches. 
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Dogwood spp. presence was thought to be important and was examined separately for 
several reasons. It was one of the most abundant native shrub species observed along 
ROW sites during the current study and tends to grow in thickets or “copses”, providing 
substantial nesting structure and cover. In addition, dogwood was often present during 
site selection ground-truthing in areas where high priority species such as Golden-winged 
and Blue-winged warblers, had been observed during 2012 surveys. 
2.4.1. Model Implications 
 
Habitat selection is a hierarchical decision-making process in which individuals 
react to cues that are associated with habitat quality (Jones 2001; Johnson and Arcata 
2005). Although limited information is available about the study species’ habitat 
selection process, landscape variables and vegetation composition and structure 
influenced their habitat use. For shrubland songbirds, presumably their initial requirement 
is locating suitable early successional habitat on the landscape.  Because of the 
transitional nature of this habitat and its rarity throughout the region, stretches of 
maintained early successional habitat, such as ROWs, are attractive to these species. The 
surrounding landscape was found to influence habitat selection by the study species, 
indicating the importance of large-scale habitat cues. Once these species choose 
particular segments along ROWs based on landscape variables, smaller scale vegetation 
composition and structure may dictate specific locations within suitable habitat patches 
selected for breeding.  
Eastern Towhees are considered shrubland generalists (Stauffer and Best 1980; 
McIntyre 1995; Askins et al. 2007) and it has been well documented that ROWs provide 
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suitable habitat for Eastern Towhees, depending on width and management, with little 
affinity towards specific vegetation species (Yahner et al. 2003; King et al. 2009; Askins 
et al. 2012). The best-fit model for the current research indicated that Eastern Towhee 
abundance was strongly influenced by landscape variables, with an interaction between 
increased forest cover and decreased urban and agricultural landcover. The lack of 
microhabitat factors predicting species abundance may support the idea that Eastern 
Towhees are relative habitat generalists compared to the other study species. However, 
the competing abundance model indicated a negative association with dogwood presence 
(Table 2). Morimoto and Wasserman (1991) found Eastern Towhees to be associated 
with dense shrub and sapling cover. Schlossberg et al. (2010) found that Eastern Towhee 
abundance increased with greater invasive woody cover.  The negative relationship with 
dogwood presence in the current study could suggest that dogwood does not provide the 
structural habitat component this species requires. Similar to Eastern Towhee abundance, 
focal habitat use was positively associated with forested landcover and negatively 
associated with urban landcover and dogwood presence, and in addition a negative 
association with stem density at the low height range was found. It has been shown that 
Eastern Towhees are edge-tolerant and utilize habitat with a well-developed litter layer 
(Morimoto and Wasserman 1991). In the current study, ROW sites with forested 
surrounding cover create distinct edges and the negative association with stem density at 
the low height range likely supports the species’ requirement for ground foraging. 
Field Sparrow abundance and focal habitat use indicated a negative relationship 
with the percentage of urban area in the surrounding landscape, decreased stem density at 
the mid-height range, and the presence of herbaceous vegetation. Field Sparrow focal 
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habitat use was further predicted by decreased woody stem density at the high height 
range. The negative relationship with urban landcover could indicate that this species is 
sensitive to development and fragmentation, which was a predicted relationship (Table 1). 
Although previous studies have not examined the effect of surrounding landscape 
composition on habitat use, it was shown that Field Sparrows used wider ROW corridors, 
indicating potential area sensitivity (King et al. 2009; Askins et al. 2012). Previous 
research has shown that Field Sparrows prefer decreased vegetation density, and greater 
forb cover (Schlossberg et al. 2010). Their association with decreased woody stem 
density at the high height range and low stem density at the mid-height range in the 
current study supports this finding. Field Sparrow abundance was also positively 
associated with wet landcover, which has not previously been documented for this 
species. Past research has not shown a relationship between specific vegetation species 
and Field Sparrow abundance (Schlossberg et al. 2010), however, the current study found 
a positive association between Field Sparrow focal habitat use and invasive shrub 
presence. Invasive shrubs may provide sufficient nesting and foraging cover for Field 
Sparrows, as has been indicated for other shrubland species (Schlossberg and King 2010). 
Previous studies have shown that a matrix of old field or forbs with patchy woody 
vegetation is used as nesting habitat by Field Sparrows over shrubland or grassland alone, 
which could indicate that they utilize shrubs as a structural component for nesting, 
especially because their nesting height tends to increase throughout the breeding season 
(Walkinshaw 1945; Walkinshaw 1968; Best 1977; Stauffer and Best 1980; Vickery et al. 
1994).  
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For Blue-winged and Golden-winged warblers, their abundance was affected by 
the interaction between wet and shrub landcover in the surrounding landscape. 
Additionally, the interaction between invasive shrub species presence and percentage of 
wet and shrub landcover was a positive factor, specifically for Blue-winged Warbler 
abundance. Although a positive relationship with wet landcover was not predicted (Table 
1), this finding is consistent with previous research that showed both species used alder 
(Alnus spp.) wetlands (Swarthout et al. 2009) and that Golden-winged Warblers used red 
maple (Acer rubrum) swamps or swamps with shrub patches (Rush and Post 2008; 
Confer et al. 2010). A positive association with forest in the surrounding landscape was 
expected for both species (Table 1), though not reflected in the best-fit models. However, 
most sites were predominantly surrounded by forest, which may have decreased the 
strength of this anticipated relationship due to lack of variability between sites. A positive 
association between Blue-winged Warbler abundance and invasive shrub species has not 
been previously documented. This finding could be indicative of a correlation with the 
structure these shrubs provide, or a potential consequence of the general abundance of 
invasive shrub species, even with active management. Dogwood presence increased 
probability of focal habitat use by both Blue-winged and Golden-winged warblers, 
possibly suggesting selection for native shrub species. This relationship has not 
previously been shown, but dogwood spp. are native shrubs in the Northeast whose 
growth could be encouraged via management to support both of these regionally rare 
species. The probability of Golden-winged Warbler focal habitat use also increased with 
the interaction between increased shrub and decreased urban percentage in the 
surrounding landscape, indicating that unfragmented, shrubland landcover in the adjacent 
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area is an important habitat component for this high priority species. Conversely, Blue-
winged Warbler focal habitat use was predicted by increased urban percentage in the 
surrounding landscape, as well as decreased stem density at the mid-height, and increased 
stem density at the high height range. Blue-winged Warbler abundance was also 
positively associated with increased stem density at the low height range. This species 
has been documented as positively associated with greater woody vegetation (Stauffer 
and Best 1980), but specific data about vertical structure has not previously been studied. 
These relationships were unexpected based on current knowledge (Table 1), but could be 
an indication of foraging habits or niche partitioning, however, there is not enough 
information to draw conclusions. Greater probability of Blue-winged Warbler focal 
habitat use in areas with greater urban landcover could indicate that Blue-winged 
Warblers are more tolerant of fragmentation and development than the other study 
species. This may be a potential factor adding to the increased competition and 
interbreeding between Golden-winged and Blue-winged warblers across Golden-winged 
Warbler range (Confer and Knapp 1981). However, the small sample size for Blue-
winged Warblers could also limit the applicability of these models. 
Increased urban landcover in the surrounding landscape decreased Prairie Warbler 
abundance. This could indicate area sensitivity for this species. Previous research has not 
specifically examined the effect of surrounding landscape on habitat use, but as with 
Field Sparrows, it was shown that this species used wider ROW corridors (King et al. 
2009; Askins et al. 2012). Herbaceous and tree species presence were positively 
correlated with Prairie Warbler abundance. Previous research has also shown Prairie 
Warblers were positively associated with herbaceous vegetation and scattered tree species 
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such as pitch pine (Pinus rigida), white oak (Quercus alba), and cherry (Prunus 
spp.;(Morimoto and Wasserman 1991; Schlossberg et al. 2010)). Prairie Warbler 
abundance models also indicated a positive relationship with invasive shrub presence. 
Again, similarly to Field Sparrows, this species has been found to use a mix of forbs with 
low shrub cover (Schlossberg et al. 2010). The invasive shrub species may be providing 
the structure needed by Prairie Warblers for nesting, cover, or foraging, though 
distinguishing among these was not possible with the current data.   
The percentage of the surrounding area in forested landcover was positively 
associated with Brown Thrasher abundance. Studies that have examined Brown Thrasher 
habitat use along ROWs have also had small sample sizes where habitat associations 
could not be examined (King et al. 2009; Askins et al. 2012). Although sample size was 
similarly low in the current study, the best-fit models indicate that an unfragmented, 
forested landscape could be an important component for Brown Thrashers to utilize 
ROW habitat. Brown Thrasher abundance was also positively associated with herbaceous 
vegetation and greater stem density at the low height range. Brown Thrashers have been 
positively associated with greater levels of woody vegetation in previous research 
(Stauffer and Best 1980), but specific vertical structure relationships have not previously 
been found. A positive association with herbaceous vegetation has not previously been 
shown and this relationship was therefore unexpected (Table 1). In fact, according to 
previous habitat models, Brown Thrashers reach their highest densities in shrubland or 
mid-successional forest (Cade 1986), but they have also have been observed in a variety 
of cover types and may be tolerant of habitat alteration (Stauffer and Best 1980). This 
finding may also be a consequence of the low sample size observed on ROW sites. 
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2.4.2. Management implications 
The results of this research showed that the study species utilized habitat along 
ROWs differently, confirming that a species-specific management approach is necessary 
to address the habitat requirements of all the study species. The factors that best describe 
abundance and probability of habitat use for these species help elucidate habitat 
associations and provide insight for more targeted vegetation management. Current 
integrative vegetation management techniques utilized by VELCO on ROWs include spot 
herbicide treatment (cut-stump treatment, foliar spray), hand cutting (cut only, no stump 
treatment), and mowing (tractor or brush-hog) and is typically conducted on a four-year 
cycle at most sites. Vegetation is managed to prevent interference with electric 
transmission lines and maintain access for maintenance and repairs. Because these ROWs 
are located on private lands, individual landowners can influence management 
preferences on their property. For example, organic farms can elect to restrict herbicide 
use along ROWs on their property. Foliar spray herbicide management is typically 
conducted by hiring private contractors with backpack or mist sprayers to target saplings 
and invasive plant species. Another herbicide treatment option is to cut and treat the 
stump to prevent regrowth. Hand cutting is typically only conducted at sites with 
chemical restrictions (i.e. landowner specifications, wetlands) and mowing is generally 
completed only on agricultural land or areas with dense, fast-growing vegetation, making 
it difficult to manage on a four-year cycle. 
Although saplings of most tree species that occur within the ROW must be 
managed because their height could eventually interfere with transmission lines, a 
majority of shrubs do not reach these heights. This creates an opportunity to exclude 
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sapling encroachment and for these areas to remain in an early successional state. Current 
management on ROWs also specifically targets invasive shrub species. Because the most 
commonly used management technique to control these species is herbicide, many of 
these shrubs remain standing dead along sites. These herbicide-treated shrubs may act as 
a structural element within the study species’ habitat, which may explain some of the 
positive associations with invasive shrub species presence (Tables 2,3). The management 
techniques already being employed on ROWs could potentially be modified to support 
species-specific targeted habitat management based on the information gained from this 
research. For example, because Eastern Towhee abundance and focal habitat use was 
negatively associated with dogwood presence across all model sets, while Blue-winged 
and Golden-winged warbler focal habitat use was increased by dogwood presence, this 
suggests opposite management strategies would be necessary to support these species. 
However, evaluation of additional variables from the models, such as surrounding 
landcover characteristics, could inform a spatial prioritization approach for management. 
Golden-winged Warbler focal habitat use was associated with an interaction between 
increased shrub landcover and decreased urban landcover, so ROW corridors with lesser 
development and greater shrub landcover in the surrounding area could be managed to 
encourage dogwood growth and increase potential habitat for Golden-winged Warblers. 
Other sites with greater forested cover and decreased agricultural use in the surrounding 
area, as well as less dogwood present within the ROW could be managed for Eastern 
Towhees. Management recommendations could be drawn from these species-specific 
approaches to aid in ROW management decision-making. With a willing and cooperative 
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partner like VELCO, a collaborative management plan that will benefit these declining 
species within the constraints of safe and efficient energy transmission can be created. 
2.4.3. Broader Impacts 
 VELCO’s use of herbicide to control invasive species on ROWs helps to promote 
the growth and regeneration of native species, despite some of the study species 
potentially benefiting from invasive shrub presence.  Managing against invasive species 
could have long-term effects on maintaining the ecological health of these early 
successional sites. By fostering partnerships with private landowners and companies that 
manage large areas of private lands, habitat quality, patch size, and connectivity could be 
increased. Because of the need for long-term management of ROWs, these sites may act 
as population centers for the study species and have the potential to allow colonization of 
adjacent private land by these declining species.  If adjacent land parcels have compatible 
management goals, there are opportunities to work with additional private landowners to 
create high quality habitat for the study species, as well as other species that rely on early 
successional habitat.  This could include managing the vegetation structure, species 
composition, and frequency of disturbance on land adjacent to ROWs to complement 
management practices being implemented on ROWs and expand potential habitat. It is 
important to take advantage of conservation opportunities wherever they are present 
because these species are showing long-term declines throughout their ranges. This 
research has implications for targeting outreach and educational opportunities adjacent to 
ROWs as well as increasing environmental stewardship through interactions with the 
National Audubon Society, VELCO, and private landowners. 
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2.4.4. Limitations 
This study was limited to 30 established ROW sites, consisting of early 
successional habitat in the Champlain Valley in Vermont, surveyed in 2013, thanks to 
citizen science volunteers and private landowners who gave permission for this work to 
be carried out on their properties. The results and their implications may not apply to sites 
in other regions where the six species targeted in this study occur. Additionally, only a 
single year of data was used for analysis. Because of the transitional nature of early 
successional habitat, variability between years is both possible and more likely, probable. 
Management is typically conducted on a four-year cycle and the data for the current study 
was collected the summer after a management year.  This suggests that vegetation would 
be lower in height and less dense overall than during other years in the management cycle. 
The fact that none of the height variables played a major role in the best-fit models for 
any of the study species could be a consequence of this timing. 
Some species were more difficult to locate and therefore their sample sizes were 
smaller, due either to regional rarity or to lower affinity for habitat on ROWs. This fact 
may limit the applicability of the model results for more rare species, a potential 
limitation that underscores the need for additional research. Because little is known about 
these species’ particular habitat requirements and the quality of habitats they are using, 
there is a limit to the management that can be implemented to benefit them. This study 
did not investigate reproductive success or food availability, so habitat quality could not 
be assessed. Previous studies have shown that species density does not necessarily 
indicate habitat quality (Jones 2001; Johnson and Arcata 2005). Further study of these 
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species should address habitat characteristics along with reproductive and food source 
availability to accurately assess habitat quality on ROWs. 
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2.7. FIGURE CAPTIONS 
Figure 1. Locations of survey sites across the Champlain Valley in Vermont, USA in red. 
The enlarged box shows an example of the output from spot-mapping surveys completed 
by citizen science volunteers.  
 
Figure 2. Vegetation plot quadrat design. Q1-Q4 designates the four quarters where 
vertical structure (stem density/m3) and maximum height variables were assessed.  
 
Figure 3. The interaction between dogwood presence, urban landcover, and forested 
landcover on Eastern Towhee focal habitat use, including the linear and logit transformed 
binomial data. A) urban=0%,dogwood presence=0, B) urban=23.18%, dogwood 
presence=0, C) urban=0%,dogwood presence=1, D) urban=23.18%, dogwood 
presence=1. Confidence intervals are shown in gray, blue tick marks indicate presence or 
absence of the species (N=965).  
 
Figure 4. The effect of forested landcover influencing probability of Eastern Towhee 
focal habitat use at three different stem density levels at the low height range. A) stem 
density=18/m3, B) stem density=38/m3, C) stem density=61/m3. Confidence intervals in 
gray, blue tick marks indicate presence or absence of the species (N=965).  
 
Figure 6. The influence of A) stem density at the mid-height range, B) stem density at 
the high height range, C) dogwood presence and D) surrounding urban landcover 
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percentage on probability of Blue-winged Warbler focal habitat use for the best-fit model. 
Confidence intervals in gray (N=965).  
 
Figure 7. The influence of the interaction between urban landcover, shrub landcover, and 
dogwood spp. presence on the probability of Golden-winged Warbler focal habitat use, 
including the linear and logit transformed binomial data. A) urban=0%, dogwood 
presence=0, B) urban =23.18%, dogwood presence=0, C) urban=0%, dogwood 
presence=1, D) urban=23.18%, dogwood presence=1. Confidence intervals in gray, blue 
ticks indicate presence or absence of the species (N=965).  
 
Figure 8. The main effects of A) invasive shrub presence, B) tree presence, C) 
herbaceous vegetation presence, and D) urban landcover percentage on probability of 
Prairie Warbler abundance based on the best-fit model. Gray indicates confidence 
intervals (N=435). 
  
Figure 9. The main effects of A) forested landcover percentage and B) stem density at 
the low height range on probability of Brown Thrasher abundance based on the best-fit 












nivariate logistic regression m
odel outcom
















































































































































































































































































































































































































































































































































































































































































nivariate logistic regression m
odel outcom






























































































































 -0.023259 ± 
0.005348 
(−)* 














 -0.02179 ± 
0.01069 
(−). 
 -0.04179 ± 
0.02327 
(+)** 











































































































































































































































 -0.02975  ± 
0.01223 
(−)** 







































































Table 1. Species-specific a priori hypotheses for individual model variables based on 
previous research and personal field observations. 
A Priori Species Hypotheses 
  EATO FISP BWWA GWWA PRAW BRTH 
Height Variables            
Average (+) (−) (+) NR (−) (+) 
SD (−) (+) ID (+) (+) ID 
Maximum (+) (−) (+) NR (−) (+) 
! ! ! ! ! ! !Density of Vertical Structure  ! ! ! ! !1m3 (+) NR (+) (+) NR ID 
2m3 NR (+) NR NR NR ID 
3m3 NR (+) NR NR NR ID 
       
Woody Density of Vertical Structure 
 
     
1m3 NR NR NR (+) NR ID 
2m3 NR (+) NR NR NR ID 
3m3 NR (+) NR NR NR ID 
! ! ! ! ! ! !Vegetation Composition  
Tree Species (+) (−) (+) (+) NR (+) 
Shrub Species (+) (+) (+) (+) (+) (+) 
Herbaceous Species (−) (+) (−) (+) (+) (−) 
Dogwood Spp. NR NR (+) (+) NR ID 
Invasive Shrub Species (−) NR (−) (+) NR (−) 
! ! ! ! ! ! !Surrounding Landcover  ! ! ! ! !Agriculture (−) (+) (−) (−) (+) (−) 
Forest (+) (+) (+) (+) NR (+) 
Shrub (+) (+) (+) (+) (+) (+) 
Urban/Developed (−) (−) (−) (−) (−) (−) 
Wet (−) ID (+) (−) NR (+) 
Other       
              ! ! !! !! !! !!(+) Positive relationship with covariate predicted, (−) Negative relationship with covariate predicted 




Table 2. Most parsimonious model (lowest AICc value) and top competing model 
describing habitat relationships for each study species based on its abundance data. 
Factors listed in order of importance. Definitions of variables described in methods. Lik= 
model likelihood, Wt= model weight in proportion to the entire model set. 
Species Abundance Models 
Rank Parameters AICc ΔAICc Lik Wt 
Eastern Towhee 
A Forest percent(+) * Agriculture percent(−) * Urban 
percent(−) 
7992.02 0 1 0.52 
B Dogwood spp. presence(−), Forest percent(+) * 
Agriculture percent(−) * Urban percent(−) 
7992.23 0.20 0.90 0.47 
Field Sparrow 
A Herbaceous species(+) * Wet percent(+) * 
Urban percent(−) * Mid height stem density(−) 
809.94 0 1 0.49 
B Herbaceous species(+) * Wet percent(+),  
Urban percent(−), Mid height stem density(−) 
813.19 3.26 0.20 0.10 
Blue-winged Warbler 
A Invasive shrub presence(+) * Wet percent(+) * Shrub 
percent(+), Low height stem density(+) 
273.82 0 1 0.72 
B Wet percent(+) * Shrub percent(+), Low height stem 
density(+) 
278.83 5.01 0.08 0.06 
Golden-winged Warbler 
A Wet percent(+) * Shrub percent(+) 1018.19 0 1 0.52 
B Wet percent(+), Shrub percent(+) 1018.38 0.20 0.91 0.48 
Prairie Warbler 
A Invasive shrub presence(+), Tree species(+), Herbaceous 
species(+), Urban percent(−) 
3888.48 0 1 0.92 
B Invasive shrub presence(+), Tree species(+), Urban 
percent(−) 
3893.66 5.19 0.07 0.07 
Brown Thrasher 
A Forest percent(+), Low height stem density(+) 77.80 0 1 0.31 
B Herbaceous species(+), Forest percent(+), 
Low height stem density(+) 
78.35 0.54 0.76 0.24 
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Table 3. Most parsimonious model (lowest AICc value) and top competing model 
describing habitat relationships for study species based on focal habitat use data. Factors 
listed in order of importance. Definitions of variables described in methods. Lik= model 
likelihood, Wt= model weight in proportion to the entire model set. 
Species Focal Habitat Use Models 
Rank Parameters AICc ΔAICc Lik Wt 
Eastern Towhee 
A Forest percent(+) *Dogwood spp. presence(−) *Urban 
percent(−), Low height stem density(−) 
628.65 0 1 0.84 
B Forest percent(+) * Wet percent(−) *Urban percent(−), Low 
height stem density(−) 
635.82 7.18 0.03 0.02 
      
Field Sparrow 
A Invasive shrub presence(+), High height woody density(−), 
Urban percent(−), Mid height stem density(−) 
707.40 0 1 0.49 
B Invasive shrub presence(+) * High height woody 
density(−), Urban percent(−), Mid height stem density(−) 
708.69 1.28 0.53 0.26 
      
Blue-winged Warbler 
A Mid height stem density(−), High height stem density(+), 
Dogwood spp. presence(+), Urban percent(+) 
310.31 0 1 0.25 
B Mid height stem density(−), High height stem density(+) * 
Urban percent(+) 
311.48 1.18 0.56 0.14 
      
Golden-winged Warbler 
A Dogwood spp. presence(+), Shrub percent(+) * Urban 
percent(−) 
1808.96 0 1 0.73 
B Invasive shrub presence(+) * Shrub percent(+) * Dogwood 
spp. presence(+) * Urban percent(−) 
1812.52 3.56 0.17 0.12 
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